Background/Aims: The aims of this study were to examine the expressions of endothelium specific VE-cadherin, intestine specific LI-cadherin, and vascular endothelial growth factor (VEGF), and to determine their relationships with the clinicopathological parameters of gastric cancer. Methods: A total 47 patients with gastric cancer who underwent surgery were enrolled. Endoscopic biopsies were obtained from the cancer and normal mucosa, respectively. Using semiquantitative RT-PCR, the mRNA expression levels of VE-cadherin, LI-cadherin and VEGF were measured by tumor/normal (T/N) ratios. The protein expressions of VE-cadherin, LI-cadherin and VEGF were examined by Western blot and immunohistochemical stain in surgically resected tissues. The clinicopathological variables were reviewed and analyzed, retrospectively. Results: Twenty two cases (46.8%) of VE-cadherin, 25 cases (53.2%) of LI-cadherin and 27 cases (51.1%) of VEGF mRNA expressions were overexpressed in gastric cancer compared to normal tissue. There was a tendency for T/N ratio of VE-cadherin mRNA to correlate with the lymphatic invasion (p=0.07) and the lymph node metastasis (p=0.099) in advanced gastric cancer. The T/N ratio of LI-cadherin mRNA showed significant association with distant metastasis (p=0.031) and lymphatic invasion especially in advanced gastric cancer (p=0.023). There was a tendency for the T/N ratio of VEGF mRNA to correlate with the distant metastasis (p=0.073) in advanced gastric cancer. Conclusions: As increased mRNA expression of LI-cadherin was associated with distant metastasis and lymphatic invasion especially in the biopsy specimen of advanced gastric cancer before surgery, it may provide useful preoperative information on tumor aggressiveness. (Korean J Gastroenterol 2012;60:229-241) 
INTRODUCTION
Gastric cancer is the most common cancer and the third most common cause of cancer-related death in Korea, accounting for 26,253 new cases in 2007 and 10,779 deaths in 2006. 1 The overall gastric cancer incidence is decreasing, terest and extensive investigations, the prognosis for such cases has not improved significantly in the past several years. 2 Therefore, early detection and curative resection of gastric cancer is still the most important issue.
The most frequently used tumor marker, for gastric cancer, is the carcinoembryonic antigen (CEA). However, this marker is elevated only in a modest proportion of advanced gastric cancer. It is essential to evaluate preoperative clinical stages, and the depth of tumor invasion to determine appropriate treatment modality and predict the prognosis of gastric cancer, but no reliable methods or biologic markers that can predict metastasis and vessel invasion have been found until now. [2] [3] [4] Adhesion molecules such as the cadherins are considered important for the invasion and/or metastasis of tumors.
Cadherins are calcium dependent homophilic adhesion molecules frequently associated with specific junctional structures referred to as adherens junctions. Cadherins are expressed in several types of tissues with some specificity:
E-cadherin is mostly present in epithelial cells, N-cadherin in the nervous system, smooth muscle cells, fibroblasts and endothelial cells, vascular-endothelial cadherin (VE-cadherin)
is specific for the endothelium and related with vasculogenesis, and liver-intestine cadherin (LI-cadherin) is found in the intestinal epithelium. 5 The major transmembrane component of endothelial adherens junctions is VE-cadherin. VE-cadherin has been implicated in cell growth, migration, vasculogenesis and vascular remodeling. 6, 7 Angiogenesis is important in tumorigenesis, so the assessment of angiogenesis may provide significant information of cancer behavior.
LI-cadherin is solely expressed in the liver and intestine of the rat. Human LI-cadherin is exclusively found in the intestinal epithelium and the stomach is also negative for LI-cadherin. 8 LI-cadherin was recently found to be overexpressed in gastric cancer and the expression of LI-cadherin was associated with intestinal metaplasia. 3, 8, 9 Gastric cancer is generally believed to develop from a multistep progression from gastritis, intestinal metaplasia, dysplasia and subsequently to cancer. 4 The expression of LI-cadherin may therefore occur during the steps of gastric carcinogenesis.
Vascular endothelial growth factor (VEGF) is a key regulator of angiogenesis and induces proliferation of the endothelium along with the formation of new capillary vessels that loosen the tight adherens junctions and induce proliferation of the endothelium contributing to tubulogenesis and increased vascular permeability. 10, 11 Since there are few reports of VE-cadherin and LI-cadherin which can predict the characteristics of gastric cancer, we performed this study to examine the expression of VE-cadherin, LI-cadherin and VEGF in gastric cancer and to evaluate the correlation between their expression and clinicopathological parameters. 
SUBJECTS AND METHODS

Materials
3) Polymerase chain reaction amplification
The primer sequences for amplification which were used are shown in Table 2 . 
Western blot analysis
Twenty four sets of cancerous and normal gastric tissue proteins were expressed in 12 of 24 (50%) gastric cancer cases ( Fig. 2) . In immunohistochemical study, 12 of 18 (66.7%) cases showed positive immunostaining. Immunostaining was evident on the vascular endothelial cells in the gastric cancer tissues (Fig. 3 ).
There were no associations between the T/N ratio of VE-cadherin mRNA with differentiations by World Health Organization (WHO) classification and by Lauren's classification, venous invasion, depth of invasion, nodal status, and distant metastasis (Table 3) .
There was a tendency for the T/N ratio of VE-cadherin mRNA to correlate with the lymphatic invasion (p=0.070) and lymph node metastasis (p=0.099) in advanced gastric cancer (AGC).
Expression of LI-cadherin
LI-cadherin mRNA was overexpressed in 25 of 47 (53.2%) gastric cancer cases (Fig. 4) . LI-cadherin proteins were ex- Representative examples of the Western blotting are shown in Fig. 5 . In immunohistochemical study, 13 of 18 (72.2%) cases showed positive immunostaining. Immune reactivity of LI-cadherin in the mucosa of gastric cancer tissue was noted ( Fig. 6 ).
There were no associations between the T/N ratio of LI-cadherin mRNA with differentiations by WHO classification and by Lauren's classification, venous invasion, and depth of invasion (Table 4 ).
There was a tendency for the T/N ratio of LI-cadherin mRNA to correlate with the nodal status (p=0.082). When nodal status was divided into two subgroups (N0/1 vs. N2/3), a significant difference was noted (1.05±0.49 vs. 1.56±0.93
[mean±SD]; p=0.013).
There was a significant relationship between the T/N ratio of LI-cadherin mRNA and distant metastasis (p=0.031) ( Table 4 ). A significant relationship was also noted between the T/N ratio of LI-cadherin mRNA and lymphatic invasion especially in AGC (p=0.023) ( Table 6 ).
Expression of VEGF
Overexpression of the mRNA of VEGF in gastric cancer was observed in 27 of 47 cases (51.1%). Fig. 7 shows the mRNA expression of VEGF in gastric cancer and normal tissue. VEGF proteins were expressed in 14 of 24 (58.3%) gastric cancer specimens ( Fig. 8) . In immunohistochemical study, 10 of 18 (55.6%) cases showed positive immunostaining. Immunostaining was evident in the vascular endothelial cells of the gastric cancer tissues ( Fig. 9 ).
There were no associations between the T/N ratio of VEGF mRNA with differentiations by Lauren's classification, venous invasion, lymphatic invasion, depth of invasion and nodal status ( Table 5 ).
There was a tendency for the T/N ratio of VEGF mRNA to 236 유금혜 등. 수술 전 위암조직에서의 Cadherin과 VEGF의 농도
The Korean Journal of Gastroenterology Values are presented as mean±SD. VE-cadherin, vascular-endothelial cadherin; LI-cadherin, liver-intestine cadherin; VEGF, vascular endothelial growth factor; NS, not significant. Fig. 8 . Western blot analysis of vascular endothelial growth factor (VEGF) in gastric cancer tissue (C) and normal tissue (N). VEGF protein was detected in gastric cancer. Representative cases were shown. GAPDH, glyceraldehyde 3-phosphate dehydrogenase. correlate with distant metastasis (p=0.073) ( Table 5) . Also there was a tendency for the T/N ratio of VEGF mRNA to correlate with distant metastasis in AGC (p=0.070) ( Table 6 ).
Correlations with cadherins and VEGF
There were no significant correlations between the T/N ratios of VE-cadherin and VEGF (r=−0.187, p=0.207) ( Fig. 10 ), Fig. 9 . Immunohistochemical staining with vascular endothelial growth factor (VEGF) (×200). (A) Immune staining was evident on vascular endothelial cells in gastric cancer tissues. (B) Immune reactivity of VEGF was not detected in normal gastric tissues. Fig. 10 . Correlation between vascular-endothelial cadherin (VE-cadherin) and vascular endothelial growth factor (VEGF) mRNA expression. There was no significant relationship between VE-cadherin and VEGF. Fig. 11 . Correlation between vascular-endothelial cadherin (VE-cadherin) and liver-intestine cadherin (LI-cadherin) mRNA expression. There was no significant relationship between VE-cadherin and LI-cadherin. Fig. 12 . Correlation between LI-cadherin and vascular endothelial growth factor (VEGF) mRNA expression. There was no significant relationship between LI-cadherin and VEGF. between the T/N ratios of VE-cadherin and LI-cadherin (r=0.160, p=0.287) ( Fig. 11 ) and between the T/N ratios of LI-cadherin and VEGF (r=0.067, p=0.655) ( Fig. 12 ).
DISCUSSION
Cadherins play an important role in establishing adherens-type junctions by mediating calcium-dependent cell to cell adhesion. 12 Cadherins were first shown to support cell-cell contact and maintain tissue cohesion, and have been shown to be essential for development and postembryonic life. In addition, cadherin can also act as cell-signaling receptors by regulating the location of β-catenin. β-cat-
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The Korean Journal of Gastroenterology enin is a distal component of the highly conserved Wnt pathway that governs cell survival, proliferation, and migration. 13 The finding that cadherin cell-cell adhesion receptors are key regulators of tissue architecture during development and tissue homeostasis provides a good molecular evidence to link cell-cell adhesion, morphogenesis and cancer. 14 They are divided into more than 10 subclasses that are distinct in their immunologic specificities and tissue distribution. 15, 16 The formation of new blood vessels (angiogenesis) and lymph vessels (lymphangiogenesis) significantly contribute to malignant growth and metastasis of solid tumors. The assessment of angiogenesis and lymphangiogenesis has emerged as a potentially useful prognostic and predictive factor in human malignancies. 17 A recently characterized member of the cadherin family, VE-cadherin, also known as cadherin 5, is an endothelial cell-specific cadherin located at intercellular adherens junctions, where it is thought to play a role in the cohesion and organization of adherens junctions and in the control of permeability properties of vascular endothelium. 7,18 VE-cadherin is important for tumor angiogenesis, and its expression is up-regulated in the vasculature of breast cancers. 19 Blocking VE-cadherin function with monoclonal antibodies in mouse tumor models leads to the inhibition of tumor angiogenesis and growth. VE-cadherin is crucial for vessel assembly and integrity during angiogenesis, and blocking its function with antibodies has been previously proposed as a promising therapeutic approach against tumor angiogenesis. 5 VE-cadherin is considered to be an important agent that is indirectly responsible for tumor invasiveness due to its involvement in angiogenesis. Highly aggressive melanomas were found to express VE-cadherin on the surface of malignant cells and such expression is indispensable for melanoma to create embryonic-like vasculogenic networks. 20 The intensity or intracapillary extent of positive immune staining for VE-cadherin in the capillary endothelium of hepatocellular carcinoma tissues was significantly associated with tumor size, capsular invasion and tumor cell differentiation. 7 Elevated levels of VE-cadherin protein have been detected in patients with colon cancer, however no correlation was found in comparison between VE-cadherin in a levels and the clinicopathological features of colorectal cancer. 20 This study showed for the first time that mRNA expression, protein expression and immune reactivity of VE-cadherin were noted 46.8%, 50.0% and 66.7% in gastric cancer, respectively and that in AGC, there was a tendency for the T/N ratio of VE-cadherin mRNA to correlate with the lymphatic invasion (p=0.070) and lymph node metastasis (p=0.099) ( Table 6 ). In esophageal cancer, VE-cadherin gene expression showed significant correlations with other angiogenic and lymphangiogenic markers. 17 Up to now there have been no published reports on VE-cadherin expression in gastric cancer. The report of esophageal cancer may support our data and VE-cadherin may be a marker for lymphatic invasion and lymph node metastasis in AGC.
Gastric intestinal metaplasia, an intermediate step in
Correa's cascade of gastric carcinogenesis, is generally regarded as a premalignant lesion. 21 Gastric cancer is generally believed to develop from a multistep progression of chronic gastritis, atrophic gastritis, intestinal metaplasia, dysplasia and subsequently to cancer. Epidemiological studies suggest that patients with intestinal metaplasia have more than a 10-fold increased risk of developing gastric cancer. 22 Intestinal metaplasia of the stomach represents an alteration of the gastric mucosa to epithelium with morphological and biological characteristics of the intestine.
Intestinal metaplasia is found in approximately 20% of gastric biopsies and is more frequent in older patients. 23 Intestine specific markers such as villin, sucrase-isomaltase, and aminopeptidase N are known to be expressed in intestinal metaplastic cells and gastric adenocarcinomas while not observed in the normal gastric mucosa. 24 LI-cadherin, which was studied in gastric cancer expression, is another candidate for evaluating whether the gastric epithelium is undergoing neoplastic transformation. LI-cadherin is a structurally unique member of the cadherin superfamily. 25 Whereas the so-called classic cadherins, such as E-, N-and P-cadherin, have five cadherin repeats within their extracellular domain, LI-cadherin consists of seven cadherin repeats. LI-cadherin has only 21 amino acids in the cytoplasm domain, although the classic cadherins have highly conserved cytoplasm domains with 150 to 160 amino acids. 15, 26 The expression of LI-cadherin differs by species. In the rat, LI-cadherin is expressed in the liver and intestinal epithelial cells, while in humans and the mouse, LI-cadherin is expressed in the intestinal epithelial cells, but not in the liver.
It has been reported that LI-cadherin is expressed in colorectal and pancreatic cancers. 27, 28 In colorectal cancer, a reduced LI-cadherin expression level was associated with a high tumor grade, lymphatic invasion, lymph node metastasis and an advanced TNM stage. 29 Recent studies have reported that LI-cadherin is overexpressed in gastric cancer and in gastric intestinal metaplasia. 9, 27 Dong et al. 27 reported that immunohistochemistry showed LI-cadherin was mainly present on the mucosal cell membrane and absent in normal gastric tissues and the positive rate for LI-cadherin was 78.4%. Also in this study, immune reactivity of LI-cadherin was shown in the mucosal cells of gastric cancer tissues and positive rate of immunohistochemical stain was 72.2% and LI-cadherin mRNA was overexpressed in 53.2% gastric cancer cases.
The evidence for the expression of LI-cadherin in gastric cancer continues to be debated. It was reported that there is a close association between the reduced expression of LI-cadherin and lymph node metastasis in gastric cancer.
LI-cadherin was expressed in the well-differentiated adenocarinoma cells but this expression was reduced in the dedifferentiated adenocarcinoma cells. Therefore, the adhesion molecules associated with the invasion and metastasis of cancer tissues appear to depend on how little they are expressed. 2 It was also reported that lymph node metastasis was associated with the overexpression of LI-cadherin. 9, 27 LI-cadherin is found to be complementary to the co-ex- tion with lymph node metastasis. 9, 27 In this study, the T/N ratio of LI-cadherin was significantly correlated with distant metastasis and lymphatic invasion specially in AGC patients and there was a tendency for the T/N ratio of LI-cadherin mRNA to correlate with the nodal status. When nodal status was divided into two subgroups, local and distant nodal metastasis, (N0/1 vs. N2/3), mRNA expression of the distant nodal metastasis group was significantly higher than that of the local nodal metastasis group which is favored to the second opinion. As the exact adhesive function of LI-cadherin is still unknown, more studies are required to elucidate this further.
VEGF was first described as a potent vascular permeability factor secreted by tumor cells that stimulates a rapid and re-versible increase in microvascular permeability without mast cell degranulation or endothelial cell damage. This tumor secreted vascular permeability factor was later shown to be a highly selective and remarkably potent growth factor of endothelial cells. VEGF has been shown to promote the migration, growth and survival of endothelial cells and is essential for vasculogenesis and angiogenesis. 30 In adults, deregulated expression of VEGF is involved in a variety of disease states, ranging from inflammation to cancer and metastasis. 31 VEGF expression is rapidly increased in hypoxic tissues, providing a mechanism that can assist tissue reoxygenation by stimulating angiogenesis and induces the proliferation of endothelium, contributes to tubulogenesis and increases vascular permeability. 10, 30 VEGF has been shown to be a marker for a poor prognosis. In addition, VEGF expression correlates with the degree of gastric wall involvement and production of ascites and the peritoneal dissemination of gastric cancer. 31, 32 In this study, overexpression of VEGF mRNA showed a tendency to correlate with distant metastasis.
VEGF and VE-cadherin are required for efficient angiogenesis. A possible dependency of VEGF and VE-cadherin was suggested in an experimental model of nude mice with implanted human renal cell carcinoma in which antibodies against VEGF were shown to restrict tumor growth by decreasing both VEGF and murine VE-cadherin mRNA expression. 33 The mRNA level of VE-cadherin increases in the conditions of enhanced angiogenesis like pregnancy or cancer before treatment. In such conditions, VEGF also increased. Apoptosis of endothelial cells causes gradual expulsion of VE-cadherin for the cell surface. So VE-cadherin and VEGF seem to be independent markers of angiogenesis and separately reflect the dynamics of neovascularization. 34 In colon cancer, VE-cadherin and VEGF were elevated in cancer patients than in controls but there were no correlations between VE-cadherin and VEGF. These finding also suggest that VE-cadherin and VEGF seem to be independent markers of angiogenesis in colon cancer. 20 Similarily in our study, there was no significant correlation between VE-cadherin and VEGF mRNA ratio in gastric cancer. And there were also no significant correlation between VE-cadherin and LI-cadherin mRNA ratio and between LI-cadherin and VEGF mRNA ratio. These finding may suggest that VE-cadherin, LI-cadherin, and VEGF seem to be independent markers for gastric cancer.
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The Korean Journal of Gastroenterology There were limitations in this study. First, the number of cancer specimens was relatively small. Only 47 gastric cancer cases were available for RT-PCR, 24 cases for Western blot analysis, and 18 cases were available for immunohistochemistry. Because of the small number of cancer specimens and enrolling only the patient who underwent the surgical procedure, the portion of histologically poorly differentiated adenocarcinoma and signet ring cell carcinoma group was relatively big in our study. Also, we have to consider the possible discrepancy between endoscopic forcep biopsies and surgically resected specimen.
Secondly, the normal (noncancerous) gastric specimen, which were used in this study, were not confirmed normal by microscopically but suspected to be normal by macroscopically and the specimens were from the gastric cancer patients, not from normal healthy control. It is known that the non-cancerous mucosa surrounding gastric cancer is often affected by gastritis, atrophy and intestinal metaplasia, so the normal gastric specimen may not be really normal gastric mucosa.
In this study, LI-cadherin had significant relationships with distant metastasis and lymphatic invasion in advanced gastric cancer. VE-cadherin transcription trends to increase with lymphatic invasion and lymph node metastasis in advanced gastric cancer. VEGF transcription tend to increase when distant metastasis was presented. As an RT-PCR assay can be performed easily with small amount of specimens, examination of LI-cadherin in biopsy specimens, obtained before surgery, may provide useful preoperative informations on tumor aggressiveness.
